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Description 

This invention relates generally to image display apparatus and method and, in particular, to apparatus and method 
for applying a non-linear transform to a displayed image. 

s The light output of a phosphor from a cathode-ray tube (CRT), also referred to herein as a monitor, exhibits a 

power-law relationship to a video signal voltage applied to the CRT's cathode. To compensate for this non-linear be- 
havior, the video signal is predistorted with a power-law function which is the inverse of that performed by the CRT. 
The resultant signal modulates the CRT cathode such that a linear transition of the light levels in the scene or image 
produce a linear transition in the light output of the CRT phosphors. 

10 CRT light output (luminance) is defined by the power law function L = E Y , where E is video signal voltage and y is 

the power function exponent, referred to as gamma. Gamma is typically in the range of 2 to 3 for most CRT displays. 
To produce linear transitions in CRT light output, E is transformed to E 1 by the relation E' = E 1/Y . This mathematical 
process is known as an inverse gamma function or more commonly, as gamma correction. Image data which has been 
gamma corrected can, in turn, be linearized by applying the gamma function E = E'y to the data. This process is known 

is as inverse gamma correction. 

Figs. 1a-1d illustrate the function of gamma correction during image reproduction. In these figures a human ob- 
server is replaced with a photometer so as to quantify the light output of the monitor. In computer graphics systems, 
wherein an image is synthesized by the computer, the computer/renderer/database behavior, which generates the 
image, is functionally identical to the camera in the image reproducer chain. Inverse gamma correction therefore applies 

20 the monitor's function to a gamma-corrected input signal, yielding a linearized output. 

In digital video systems, gamma correction may be performed on an image using two distinct techniques. A first 
technique performs gamma correction on each picture element (pixel) as it is generated by the imaging system. Sub- 
sequently, these gamma corrected pixels are stored in an image memory, referred to as a frame buffer. Gamma cor- 
rected pixels are then read from the frame buffer and presented to a digital-to-analog converter (DAC) for conversion 

25 to an analog signal to drive the CRT. However, in that gamma correction is a nonlinear operation, two undesirable 
effects result. 

First, any additional operations performed on these pixels, for example linear mixing of two images, must consider 
the mathematical impact of the gamma corrected values upon the resultant value, since 

30 

A + (1 -oc)B*[aA' +(1 - a) B'] v 

(where A and B are the linear pixel values, A 1 and B' are the gamma corrected pixel values, and a is the mixing ratio). 
Hence, a mixing operation must first inverse gamma correct the two pixels before mixing, and then gamma correct the 
35 result before storage. This is obviously a time consuming process and may be impractical for large numbers of pixels. 

Second, as will be illustrated below, a gamma corrected integer pixel requires more bits than a linear integer pixel 
in order to uniquely define an identical set of intensity values. This in turn requires a larger frame buffer and long-word 
arithmetic capability. 

A second technique stores and performs mathematical operations upon linear pixel values, and then performs 
40 gamma correction just prior to converting the pixels to an analog voltage by means of a look-up table (LUT) operation. 
The linear pixel values read from the frame buffer are used as an index to a memory (LUT) whose contents have been 
precalculated to satisfy the above mentioned gamma correction equation. It is the LUT's contents which are then 
applied to the DAC. 

Performing gamma correction on integers with y > 1 requires that the output set of integers contain more numbers 
45 than the input set, in order to maintain unique numbers. This can be observed when performing gamma correction on 
8-bit integers (a common pixel size for digital video samples) for y = 2.0. The transformed 8-bit output integers exhibit 
64 duplicates, for a loss of 25% of the input set values. Referring to Table 1 in Appendix A it can be seen that increasing 
y to only 2.2 yields 72 duplicates for a loss of over 28%. Clearly, losses of these magnitudes are unacceptable in a 
high quality digital video system. 
50 The use of a look-up memory or look-up table (LUT) to provide gamma correction has been previously employed 

as indicated by the following U.S. Patents. 

In U.S. Patent No. 4 ; 805 ; 013 ; issued February 14, 1989, entitled "Image Data Conversion System" to Dei et al. 
there is disclosed the use of a RAM for storing a gamma conversion table. A CPU is enabled to load gamma conversion 
data that corresponds to a gamma conversion curve calculated by the CPU into the RAM. 
55 in U.S. Patent No. 4,394,688, issued July 19, 1983, entitled "Video System Having an Adjustable Digital Gamma 

Correction for Contrast Enhancement" to lida et al. there is disclosed a video system that includes a RAM in which 
video data is altered in accordance with the contents of a table look-up that is temporarily written therein. A ROM device 
stores a plurality of different table look-ups, each containing data representing a different gamma correction. A CPU 
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obtains a table look-up from the ROM and writes same into the RAM. This technique enables the selection of only a 
single table look-up, and therefore a single gamma correction per image. 

In U.S. Patent No. 4,688,095, issued August 18, 1987, entitled "Programmable Image-Transformation System" to 
Beg et al. there is described an image processing system having a multiplexor that supplies address signals to a look- 

s up table whose resulting output is applied as data to a frame buffer. By changing selection signals applied to the 
multiplexor, it is said to be possible to use this system alternately for transformations dependent only on newly generated 
data ; transformations dependent only on stored data, and transformations dependent on both. The look-up table may 
store different correction functions for each of 16 different combinations of camera and display device. The look-up 
table address is formed from a combination of possible sources including an output of an eight bit A/D and the output 

10 of a four bit register. In operation, a computer loads the look-up table and, if necessary, loads a value into the register 
to designate a portion of the look-up table to be used. The disclosure of Beg et al. permits gamma correction to be 
performed only on incoming video data from the A/D and, if the A/D data is linearized, it is not re-gamma corrected 
before DAC processing and display. As a consequence, if non-linearized data were to be placed in the frame buffer of 
Beg, any operation performed upon this data must compensate for the non-linear data. Furthermore, Beg et al. sample 

is a gamma corrected signal with eight-bit accuracy and effectively do not use at least 2-bits/pixel in the frame buffer 
when linearizing a gamma corrected pixel. 

In U.S. Patent No. 4,568,978, issued February 4, 1986, entitled "Method of a Circuit Arrangement for Producing 
a Gamma Corrected Video Signal" to Cosh there is disclosed a method for correcting a video signal by a gamma 
correction factor. A gamma correction circuit forms a logarithm of an input signal and a logarithm of a correction factor. 

20 The two logarithmic signals are summed and an anti-logarithm of the exponential of the summed signal is taken. 
PROMs are employed for storing conversions. Cosh notes that for each input code to translate to a unique output code 
the output code must have four times the resolution of the input code. For example, if the input is defined by 10 bits 
the output should have 12 bits. 

It is thus one object of the invention to provide an improved image display system and method. The object of the 

25 invention is solved by the features laid down in the independent claims. 

The invention provides for a method for determining an optimum number of bits required for a gamma correction 
look-up table output so as to achieve unique values for a specified number of input bits and for a selected range of 
gamma values. 

In particular, the invention further provides an image generation system that includes an image buffer that receives 
30 and stores linear, gamma corrected digital data and that outputs the linear data to an inverse gamma corrector. 

Further, the invention particularly provides a pixel-by-pixel selection of a function to be applied to each pixel so as 
to enable a gamma windowing function to be implemented, wherein a foreground gamma correction is applied to a 
window in a display, the foreground gamma correction being different than a background gamma correction and es- 
pecially a dynamically programmable LUT memory in combination with a frame buffer having one or more (N-bit + W- 
35 bit) planes, where N-bits represent linear information; such as color, and wherein W-bits represent a display window 
identifier. 

The foregoing and other problems are overcome and the object of the invention is realized by a digital video system 
architecture and method as defined in claims 1,10 and 1 5 which provides a power-full and flexible means of performing 
non-linear transformations upon digital image data. The invention may employ read/write look-up table memories to 
40 perform arbitrary non-linear operations upon image data, either over an entire image or within user-defined windows 
into the image. The teaching of the invention is particularly useful for performing gamma and inverse gamma correction 
to image data, but may also be applied to provide enhancement and restoration capabilities for image analysis. The 
teaching of the invention may further be applied so as to modify an image to obtain a desired aesthetic effect. 

The invention provides method and apparatus for performing gamma correction upon digital video values on a per 
45 pixel basis with minimal or no loss of information during the transform process. The invention pertains to both the 
transformation of linear intensity values to gamma corrected values and to the transformation of gamma corrected 
intensity values to linear values. 

In that gamma correction and inverse gamma correction are specific cases of a more general class of non-linear 
transforms of image intensity, the teaching of the invention may employed so as to alter the transfer characteristic of 
50 the video display generally. Thus, analytic or aesthetic enhancements of the image may be accomplished. 

In accordance with an exemplary embodiment of the invention, an image processing system includes an input to 
a source of image pixel data wherein each pixel has an M-bit value within a non-linear range of values. A first LUT is 
coupled to an output of the source and converts each M-bit pixel value to an N-bit value within a linear range of values. 
An image memory, or frame buffer, has an input coupled to an output of the first LUT and stores the linear N-bit pixel 
55 values. The system further includes a second LUT coupled to an output of the frame buffer for converting N-bit pixel 
values output by the frame buffer to P-bit pixel values within a non-linear range of values. The converted values are 
subsequently applied to a display. 

In an exemplary embodiment, the first LUT stores gamma corrected pixel values and the second LUT stores inverse 
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gamma corrected pixel values. 

Preferably the second LUT stores a plurality of sets of inverse gamma corrected pixel values. Also, the frame 
buffer further stores, for each of the N-bit pixel values, a value that specifies a particular one of the plurality of sets of 
inverse gamma corrected pixel values for use in converting an associated one of said N-bit pixel values. 
s The above set forth and other features of the invention are made more apparent in the ensuing detailed description 

of the Invention when read in conjunction with the attached drawing, wherein: 



Figs. 1a-1d illustrate the process of gamma correction and inverse gamma correction, wherein Fig. 1a shows a 
linear output of a camera, Fig. 1 b illustrates a gamma correction that is applied to the camera output, 
10 Fig. 1c shows the inverse gamma correction applied at a display (monitor), and Fig. 1d shows the 

output of a photometer that is a linear function due to the gamma correction applied to the camera 
output; 

Fig. 2 illustrates a simplified look-up table based inverse gamma correction/gamma correction block diagram 

for a digital video system; 

is Fig. 3 illustrates a window-based graphic system that employs a LUT-based inverse gamma correction tech- 

nique to mix images from cameras with different gamma corrections; 
Fig. 4 illustrates the simultaneous the use of different gamma functions to obtain contrast expansion; 

Fig. 5 shows a frame buffer memory constructed so as to have a plurality of input gamma correctors and a 

plurality of output gamma correctors; 
20 Fig. 6 illustrates in greater detail the input inverse gamma correctors shown in Fig. 5; and 

Fig. 7 illustrates in greater detail the output gamma correctors shown in Fig. 5. 



Fig. 2 illustrates a simplified block diagram of a look-up table based inverse gamma correction/gamma correction 
technique for use in a digital video system. Signal inputs from the camera 10 and outputs to monitor 24 are presumed 

25 to be analog. The inputs and outputs of the constituent blocks are indicated to be analog or digital and linear or non- 
linear by the attendant pictographs. The gamma correction block 12 following the camera 10 is an analog function 
typically built into the camera 1 0. Following the gamma correction block 1 2, that is, the output of the camera 1 0, is an 
analog-to-digital converter (ADC) 14 that provides M digital outputs to the address inputs of a first LUT, specifically a 
inverse gamma correction (IGC) LUT 16. The output of LUT 16 is N-bits that are applied to an input of a frame buffer 

30 (FB) 18. The output of FB 18 is N-bits that are applied to the address inputs of a second LUT, specifically a gamma 
correction (GC) LUT 20. The output of GC LUT 20 is P-bits (P > N) of digital gamma corrected video data that is applied 
to an input of a DAC 22. The output of DAC 22 ; for a color system, is three analog signals. These three analog signals 
are a red (R) analog signal, a blue (B) analog signal, and a green (G) analog signal. Analog signals are applied to 
monitor 24, resulting in the display of a gamma corrected image. 

35 For a high quality camera 1 0 the operation of the gamma correction block 1 2 may be disabled. Thus, the outputs 

to the ADC 14 are linear and the gamma correction action of the IGC LUT 16 is suppressed. Also, for image data 
generated by a source other than a camera, such as by a digital computer, linear video data may be applied directly 
to the FB 18. In any case, the approach of the system is to preserve linear color representation in the FB 18. 

Fig. 3 illustrates a window based graphics system that employs the LUT-based inverse gamma correction technique 

40 if Fig. 2 to mix images from sources, such as cameras, having different gamma corrections. By applying the appropriate 
inverse gamma correction to each camera source, in real time, all images are linearized in the FB 18 and are therefore 
displayed on a common monitor 14 without losing intensity values in any of the windows. 

While the LUT gamma correction technique described thus far provides afast and inexpensive means of performing 
non-linear transforms upon pixel values, two enhancements may be made. Specifically, in that the pixel values which 

45 serve as the addresses into the LUTs and the data read from the LUTs are integers, loss of information, and therefore 
errors, may be produced by gamma correction if insufficient attention is given to the range of values which are required 
to uniquely represent all of the input set of values in the output set of values. 

Secondly, since the LUT based gamma correction technique of the invention does not affect the pixel values stored 
in the FB 18. a separate means is provided to provide a pixel-accurate gamma window function. In this case a user, 

50 on a pixel-by-pixel basis, selects which one of a plurality of precalculated gamma functions are to be applied to specific 
areas (windows) on the display. By example, Fig. 4 shows the simultaneous the use of different gamma functions to 
obtain contrast expansion, and illustrates a technique whereby a user expands low contrast areas, or alternately com- 
presses high contrast areas, within a window in order to observe image detail which may otherwise be unintelligible. 
In accordance with an aspect of the exemplary embodiment of invention, a method for determining a minimum 

55 number of bits required for the LUT output, to achieve unique values for a specified number of input bits and for a 
selected range of gamma values, is now presented. More specifically, this method determines a scaling coefficient S 
which, when used with the identity relation E = [S(e)1/y/S]y provides recovery of all integer values of E. Since this 
relation is the mathematical equivalent of the inverse gamma function (gamma correction) performed by the digital 
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imaging system and the gamma function performed by the monitor 24, the coefficient S determines the number of bits 
of any intermediate integers used in the transform and inverse transform process. 

For a case where the camera gamma is not equal to the monitor gamma, P # M, and the scale factor S is found 
to satisfy the following relations: 

5 

0= INT[(P-1)(l/N-1) 1/y +0.5] 

and 

10 

I = INT[(N-1)(0/P-1) y + 0.5], 

where N = number of linear input levels, P = number of gamma corrected output levels, (l/N-1) and (O/P-1) are nor- 

15 malized input and output values, respectively, S = P-1 , and INT is a truncating integer function. The above mentioned 
identity equation is obtained by substituting the equation for O into that for I. Therefore, for N = log^ number of input 
bits, P = (N + 1) for y > 1. The value of P is increased until the identity is satisfied, i.e. no duplicates are generated. 
The tables shown in Appendices A and B, respectively, illustrate the effect of increasing P from 8 to 1 0 bits for y = 2.2. 
Appendix A shows the large number of duplicate values produced for P = 8-bits, while Appendix B shows that with P 

20 = 10-bits that no duplicate values are generated. As a result, there is no loss of intensity information over the range of 
input bits. It can be empirically determined that for N = 8, P = 1 0 satisfies the identity relation for 1 < y < 4.2. 

Performing inverse gamma correction, i.e. linearizing intensity which was previously gamma corrected, requires 
a smaller output data set then the input data set. By example, this may be required after sampling a video camera 
which has a gamma corrected analog output, as is frequently the case. The I GC LUT memory 1 6 operating at a sample 

25 clock frequency instantaneously performs the transform. From the above example, a 1 0-bit (M) camera sample is used 
as the index to the IGC LUT 16 which generates an 8-bit (N) linear output value for 1 < y < 4.2. This is an efficient 
process since the resultant 8-bit transformed sample may then be directly mixed with other 8-bit linear values so as to 
form composite video images in real time. 

The block diagram of Fig. 5 shows in greater detail data paths using the integers I and O. When digitizing a gamma 

30 corrected analog input, as from a camera, care should be taken when mapping the larger data set O to the smaller 
data set I. A median value method may be employed to select which intermediate numbers in the O set are assigned 
to those in the I set. The use of a median value may be illustrated by an example taken from Table 2 of Appendix B. 
The analog input is digitized with 10-bit accuracy. Any number from 0 to 1023 may be obtained at the output of the 
ADC 14, such as the values 264, 265, 266, etc. In order to determine the corresponding number at the output (O) of 

35 the LUT 16 for such intermediate inputs (I) a median value is determined. For example, the median value of 264 and 
274 is 268, and the median value of 255 and 264 is 260. Thus, to all ADC 14 generated inputs between, by example, 
260 and 268 only one output number (1 3) is assigned. 

In Fig. 5 the FB 18 has a plurality of N+W-bit planes, where N-bits represents linear color information and where 
W-bits represents a window identification number (WID). All bit planes of FB 18 are accessible by a host (not shown). 

40 The gamma compensated input source is sampled with the ADC 14, which has M bits per pixel output. The input data 
is converted to linear data with Inverse Gamma Correction LUT 16 which outputs N bits per pixel. On the video output, 
for each pixel there are N + W bits. The N bit linear color data is gamma corrected with one of 2 W gamma correction 
tables stored within the Gamma Correction Block LUT 20, based on WID, which outputs P bits per pixel. These P bits 
are in turn loaded into the DAC 22 to be displayed on the monitor 24. This technique supports simultaneous multiple 

45 gamma corrections based on the WID associated with each pixel stored in the FB 16. Thus, there may be as many as 
2 W different gamma corrected windows present within the system video output, as shown in Fig. 3 for the case of three 
gamma corrected windows (W1, W2, W3). 

Input Device 

50 

The following is the description of the input inverse gamma correction logic as shown in Fig. 6. The gamma cor- 
rected analog input signal, such as a signal from the video camera 10, is sampled and converted to M-bit digital data 
by the ADC 14. The linearization of the sampled gamma corrected data is performed by the IGC LUTs 16 which convert 
M-bits into N-bits. The value of M is determined, as described above, by the maximum value of input device gamma 
55 y As indicated above, M = 1 0 for N = 8 for reasonable values of y. 

It may be desirable to write the sampled data into the FB 16 in parallel. For example, if Video RAM (VRAM) chips 
utilized to implement the FB 16 have a random port bandwidth of 16.6 Mhz (60 nS cycle time), then in order to store 
a HDTV camera signal sampled at 74.25 Mhz, the memory must be interleaved at least 5 (j = 5) ways to provide 
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sufficient bandwidth to store the sampled data. The transformation may be accomplished immediately after the ADC 
14, before parallelization, by employing a fast LUT 16 which matches the period of a sample clock ( SAM PLE_C LOCK). 
Alternately, the transformation may be done after parallelization, by using a slower LUT 16 which matches the FB 18 
cycle period. The second method is illustrated in Fig. 6 and is preferred over the first since slower LUT 16 memory is 

s more readily available and operates independently of the high speed sample clock. 

The circuitry of Fig. 6 functions in the following manner. The analog input signal is sampled and clocked at the 
ADC 14 every sample clock period (SAMPLE_CLOCK). The output of the ADC 14 is loaded into registers REG_1 
through REG_J in a round robin fashion via signals LD_1 through LDJ, respectively. Thus, the first sampled data is 
loaded into REG_1 with the LD_1 -strobe, the second sampled data is loaded into REG_2 with LD_2 -strobe, and so 

10 on, until the last round robin LDJ strobe is generated. On the following SAMP LE_C LOCK period, a new robin cycle 
is initiated by again strobing LD_1. Simultaneously, the data already stored within REG_1 through REG J is parallel 
loaded into REG J + 1 through REG_2j. Thus, the LD_1 strobe controls the loading of REG_1 and all of the registers 
REGJ+1 through REG_2j. 

The data stored in REGJ+1 through REG_2j are used as address inputs to a set of IGC LUTs 16, which in turn 
is provide N bit linear data to the FB 18. The contents of LUTs 16 are updated from the local host via host computer 
address bus (WS_ADDR); host computer data bus (WSJDATA); and control signals IGC LUT Enable (WS_EN JGC-) 
and IGC LUT write strobe (WS_WRTJGC-). Normally both WS_ENJGC-and WS_WRTJGC- are deasserted. When 
deasserted, WS_WRTJGC- selects multiplexors (MUX_1 through MUXJ) outputs to be sourced from registers 
REGJ+1 through REG_2j, thereby providing the sampled data from the ADC 14. This signal also forces local host 
20 data buffers (BUF_1 through BUFJ) into a high impedance mode, and enables the output of LUTs 16, thus enabling 
the linearized color data to be available to FB 1 8. During an IGC LUT 1 6 update cycle by the local host, the local host 
first asserts the WS_ENJGC- signal, which causes MUX_1 through MUXJ to select the WS_ADDR as address inputs 
to the LUTs 16, and disables the LUTs 16 outputs. The BUF outputs are enabled such that WS_DATA is used as the 
input to the LUTs 1 6 data ports. Subsequently, the local host strobes WS_WRT_IGC- which loads the WS_DATA into 
25 the LUTs 1 6 at the address specified by WS_ADDR. 

Video Output Device 

The following is the description of the video output device shown in Fig. 7. It may be required that the serial output 
30 port of the FB 18 be parallelized to achieve a desired video bandwidth. For example, a 60 Hz 1280 x 1024 resolution 
display requires a bandwidth of 110MHz. Since a typical VRAM has serial output bandwidth of less than 40 MHz, the 
FB 1 8 serial output must be interleaved at least four ways. The interleaved serial outputs of the FB 1 8 are then loaded 
into the serializer 26 which is capable of being shifted at the video clock rate. 

There are two methods to implement gamma correction using the GC LUT memories 20. The transformation may 
35 be done after serialization, just before the DAC 22, by using high speed LUTs 20 that match the video clock period. 
Alternately, gamma correction can be accomplished before serialization by employing slower LUT memories 20 that 
match the VRAM serial output cycle period. The second method is preferred over the first method in that slower LUT 
memory is more readily available and operates independently of the video clock period. Fig. 7 illustrates this second, 
preferred approach. 

40 N-bits of linear color value is gamma corrected by the GC LUTs 20. The result is P-bits of gamma corrected data 

which is input to the DAC 22, via serializer 26. DAC 22 thus has a P-bit wide input. 

As was discussed previously, the actual value of P is a function of the required gamma value for video output 
correction. For the case where the monitor gamma and camera gamma are relatively close, then P may equal M. For 
some cases the output correction may require more bits or the same number of bits as the input correction. For example, 

45 if the gamma of the monitor is equal to 1 , then P may equal N. As was previously stated, a general rule is that P > N. 

For certain special effects, different gamma corrections may be applied based on the value of WID, as illustrated 
in Figs. 3 and 4. This is accomplished by FB 18 containing the plurality of N+W-bit planes, where N-bits represent 
linear color data and W-bits the Wl D. Therefore, each pixel is represented, in each FB 1 8 memory plane, by N+W-bits 
of data. N-bit video data from the FB 18 is concatenated with the W-bit WID. As an example, if WID is represented by 

50 three bits then 2 3 , or eight, different gamma corrections can be simultaneously in effect for a given display screen 
frame. This corresponds to eight distinct windows. 

It is noted that different gamma corrected pixel regions can be overlapped because, after gamma correction, all 
images are linearized. For example, in Fig. 3 it is assumed that window 3 was sampled last and also incidentally 
overlaps window 2. The images are not overlayed, but a portion of the overlap window is rewritten during sampling or 

55 rewritten by the local host. If mixing of two images is required the mixing does not occur in real time. By example, 
sampling is disabled in window 2 and a portion of the window 2 which may be overlapped is stored by the local host. 
Sampling is again enabled and window 3 is sampled. Sampling is then disabled and the local host then mixes the 
image pixels from each of the overlapped regions. 
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During normal operation, both a local host enable gamma correction signal (WS_EN_GC-) and a local host write 
gamma correction( WS_WRT_GC-) signal are deasserted. As such, WS_EN_GC- forces multiplexors (MUX_1 through 
MUX_k) to select the concatenated VIDEO_DATA and WID; disables local host data buffers (BUF_1 through BUF_k); 
and enables the LUT 20 output. Therefore, the output of the LUTs 20 provide the gamma corrected P-bit value, based 
s on address supplied by the N-bit linear color data, from a selected one of the 2 W gamma correction tables, based on 
WID. That is, by changing the value of WID different regions of the GC LUT 20 are addressed. 

For the example shown in Fig. 3, the pixels within window 1 are gamma corrected from a first correction table 
stored within GC LUT 20, the pixels within window 2 are gamma corrected from a second correction table stored within 
GC LUT 20, etc. The simultaneous use, within a display screen, of different correction tables enables image data from 
10 various sources to be displayed at, for example, one brightness level. Also, different regions (windows) of a displayed 
image can be given different brightnesses or contrasts as desired for a particular application. 

Data is shifted out of the serializer 26 at every video clock (VID_CLK). On every k-th VID_CLK, a signal 
LD_VID_DATA- is generated, which parallel loads parallel data, the output of LUTs 20, into the serializer 26 shift reg- 
isters. 

is During a GC LUT 20 update cycle by the local host, the local host first asserts the WS_EN_GC- signal, which 

causes MUX_1 through MUX_K to select the WS_ADDR as the output of the MUXs. The assertion of the WS_EN_GC- 
signal also disables the LUT 20 outputs and enables the BUF outputs, such that WS_DATA is used as the input to the 
LUTs 20 data port. Subsequently the local host strobes WS_WRT_GC-, which loads the WS_DATA into the LUTs 20 
using the address provided by WS_ADDR. 

20 it should be noted that for a R : G, B frame buffer 18, there are three sets of IGC LUTs 16 and GC LUTs 20, one 

for each of the R, G, B, data paths. However, there is only one WID path, since all R, G, B data bits are applied to the 
same window. Thus, a minimum number of bit planes is 3N+W for the RGB system. This provides independent gamma 
correction for each color component for both the input and the output of the FB 18. 

The foregoing has disclosed methods and apparatus for performing non-linear pixel based intensity transforms, 

25 such as gamma and inverse gamma correction, upon digital video data. The use and design of LUT memories to 
perform these operations has been described. Also, use of a secondary pixel plane to select from multiple gamma 
functions in the LUT provides a windowing capability to specifically support multiple display gammas, in addition to 
generally performing non-linear image processing within a window. Furthermore, the significance of input-to-output 
number capacity has been addressed so as to minimize losses for gamma transforms in both directions. Also, a method 

30 for determining adequate integer number ranges for both transforms has been disclosed. 
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APPENDIX A 

TABLE 1 

5 

n=256 
y = 2.2 

S = (m- I) - 255 

10 

0=W7I(m^l)(--X r } ) ' +0.5] ■ 
/=//V7I(^I)(- ; ^ T ) y + 0.5] 



20 



25 



35 



40 



I 




0 




I 


0 


0.0000 


— 
0 


0.0000 


— 
0 


1 


20.5427 


21 


1.0496 


I 


2 


28.1508 


28 


1.9765 


2 


3 


33.8479 


34 


3.0297 


3 


4 


38.5764 


39 


4.0973 


4 


5 


42.6945 


43 


5.0790 


5 


6 


463835 


46 


5.8914 


6 


7 


49.7501 


50 


7.0776 


7 


8 


52.8632 


53 


8.0456 


8 


9 


55.7705 


56 


9.0817 


9 


10 


58.5065 


59 


10.1865 


10 


1 1 


61.0968 


61 


10.9617 


11 


12 


63.5617 


64 


12,1828 


12 


13 


65.9168 


66 


13.0361 


13 


14 


68.1751 


68 


13.9210 


14 


15 


70.3469 


70 


14.8377 


15 


16 


72.4412 


72 


15.7864 


16 


17 


74.4652 


74 


16.7672 


17 


IS 


76.4252 


76 


17.7804 


18 


19 


78.3267 


78 


18.8261 


19 


20 


80.1744 


80 


19.9044 


20 


21 


81.9723 


82 


21.0156 


21 


22 


83.7241 


84 


22.1598 


22 


23 


85.4330 


85 


22.7443 


23 


24 


87.1018 


87 


23.9383 


24 


25 


88.7331 


89 


25.1657 


25 


26 


90.3292 


90 


25.7920 


26 


27 


91.8921 


92 


27.0698 


27 


28 


93.4238 


93 


27.7213 


28 


29 


94.9259 


95 


29.0498 


29 


30 


96.4000 


96 


29.7268 


30 


31 


97.8476 


98 


31.1064 


31 


32 


99.2699 


99 


31.8089 


32 


33 


100.6681 


101 


33.2398 


33 


34 


102.0434 


102 


33.9682 


34 


35 


103.3969 


103 


34.7051 


35 


36 


104.7294 


105 


36.2050 


36 


37 


106.0418 


106 


36.9679 


37 


38 


107.3351 


107 


37.7395 


38 


3<> 


108.6099 


109 


39.3088 


39 
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10 
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20 



25 
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40 


109.8670 


1 10 


40.1066 


40 


41 


1 1 1.1071 


111 


40.9131 


41 


42 


11 2.3308 


i 12 


41.7284 


42 


43 


113.5387 


114 


43.3853 


43 


44 


114.7314 


115 


44.2270 


44 


45 


115.9094 


116 


45.0775 


45 


46 


117.0731 


117 


45.9368 


46 


47 


118.2232 


118 


46.8050 


47 


48 


119.3600 


119 


47.6821 


48 


49 


120.4840 


120 , 


48.5680 


49 


50 


121.5955 


122 


50.3667 


50 


51 


122.6949 


123 


51.2794 


51 


52 


123.7827 


124 


52.2011 


52 


53 


124.8591 


125 


53.1317 


53 


54 


125.9244 


126 


54.0713 


54 


55 


126.9791 


127 


55.0199 


55 


56 


128.0234 


128 


55.9775 


56 


57 


129.0575 


129 


56.9442 


57 


58 


130.0818. 


130 


57.9198 


58 


59 


131.0965 


131 


58.9045 


59 


60 


132.1018 


132 


59.8983 


60 


61 


133.0981 


133 


60.9011 


61 


62 


134.0855 


134 


61.9131 


62 


63 


135.0642 


135 


62.9341 


63 


64 


136.0345 


136 


63.9643 


64 


65 


136.9966 


137 


65.0035 


65 


66 


137.9506 


138 


66.0520 


66 


67 


138.8968 


139 


67.1096 


67 


68 


139.8353 


140 


68.1763 


68 


69 


140.7663 


141 


69.2522 


69 


70 


141.6900 


142 


70.3374 


70 


71 


142.6065 


143 


71.4317 


71 


72 


143.5160 


144 


72.5353 


73 


73 


144.4186 


144 


72.5353 


73 


74 


145.3145 


145 


73.6481 


74 


75 


146.2039 


146 


74.7701 


75 


76 


147.0868 


147 


75.9014 


76 


77 


147.9633 


148 


77.0420 


77 


78 


148.8337 


149 


78.1919 


78 


79 


149.6980 


150 


79.3510 


79 


80 


150.5564 


151 


80.5195 


81 


81 


151.4089 


151 


80.5195 


81 


82 


152.2557 


152 


81.6973 


82 


83 


153.0969 


153 


82.8844 


83 


84 


153.9326 


154 


84.0809 


84 


85 


154.7629 


155 


85.2867 


85 


86 


155.5879 


156 


86.5019 


87 


87 


156.4076 


156 


86.5019 


87 


88 


157.2223 


157 


87.7265 


88 


89 


158.0319 


158 


88.9605 


89 


90 


158.8365 


159 


90.2039 


90 


91 


159.6363 


160 


91.4567 


91 


92 


160.4313 


160 


91.4567 


91 


93 


161.2216 


161 


92.7190 


93 


94 


162.0073 


162 


93.9907 


94 
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95 


162.7884 


163 


95.2718 


95 


96 


163.5651 


164 


96.5624 


97 


97 


164.3374 


164 


96.5624 


97 


98 


165.1053 


165 


97.8625 


98 


99 


165.8690 


166 


99.1721 


99 


100 


166.6285 


167 


100.4912 


100 


101 


167.3838 


167 


100.4912 


100 


102 


168.1351 


168 


101.8198 


102 


103 


168.8824 


169 


103.1579 


103 


104 


169.6257 


170 


104.5056 


105 


105 


170.3651 


170 ' 


104.5056 


105 


106 


171.1007 


171 


105.8628 


106 


107 


171.8326 


172 


107.2295 


107 


108 


172.5607 


173 


108.6058 


109 


109 


173.2851 


173 


108.6058 


109 


110 


174.0059 


174 


109.9918 


110 


111 


174.7232 


175 


111.3873 


111 


112 


175.4369 


175 


111.3873 


111 


113 


176.1472 


176 


112.7923 


113 


114 


176.8541 


177 


114.2071 


114 


115 


177.5575 


178 


115.6314 


116 


116 


178.2577 


178 


115.6314 


116 


117 


178.9546 


179 


117.0654 


117 


118 


179,6482 


180 


118.5090 


119 


119 


180.3386 


180 


118.5090 


119 


120 


181.0259 


181 


119.9623 


120 


121 


181.7100 


182 


121.4252 


121 


122 


182.3911 


182 


121.4252 


121 


123 


183.0691 


183 


122.8978 


123 


124 


183.7442 


184 


1243801 


124 


125 


184.4163 


184 


124.3801 


124 


126 


185.0854 


185 


125.8721 


126 


127 


185.7517 


186 


127.3738 


127 


128 


186.4151 


186 


127.3738 


127 


129 


187.0756 


187 


128.8853 


129 


130 


187.7334 


188 


130.4064 


130 


131 


188.3885 


188 


130.4064 


130 


132 


189.0408 


189 


131.9373 


132 


133 


189.6904 


190 


133.4780 


133 


134 


190.3374 


190 


133.4780 


133 


135 


190.9817 


191 


135.0284 


135 


136 


191.6235 


192 


136.5886 


137 


137 


192.2626 


192 


136.5886 


137 


138 


192.8993 


193 


138.1586 


138 


139 


193.5334 


194 


139.7383 


140 


140 


194.1650 


194 


139.7383 


140 


141 


194.7942 


195 


141.3279 


141 


142 


195.4210 


195 


141.3279 


141 


143 


196.0453 


196 


142.9273 


143 


144 


196.6673 


197 


144.5365 


145 


145 


197.2869 


197 


144.5365 


145 


146 


197.9042 


198 


146.1555 


146 


147 


198.5192 


199 


147.7844 


148 


148 


199.1319 


199 


147.7844 


148 


149 


199.7424 


200 


149.4231 


149 
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10 



15 
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30 



35 
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1 50 


200.3506 


200 


149.4231 


149 


I5I 


200.9566 


201 


151.0717 


151 


152 


201.5605 


202 


152.7302 


153 


153 


202.167! 


202 


152.7302 


153 


154 


202.7617 


203 


154.3985 


154 


155 


203.3591 


203 


154.3985 


154 


156 


203.9544 


204 


156.0767 


156 


157 


204.5476 


205 


157.7649 


158 


158 


205.1388 


205 


157.7649 


158 


159 


205.7280 


206 


159.4629 


159 


160 


206.3151 


206 


' 159.4629 


159 


161 


206.9002 


207 


161.1709 


161 


162 


207.4834 


207 


161.1709 


161 


163 


208.0646 


208 


162.8888 


163 


164 


208.6438 


209 


164.6166 


165 


165 


209.2211 


209 


164.6166 


165 


166 


209.7965 


210 


166.3544 


166 


167 


210.3701 


210 


166.3544 


166 


168 


210.9417 


211 


168.1021 


168 


169 


211.5115 


212 


169.8598 


170 


170 


212.0795 


212 


169.8598 


170 


171 


212.6457 


213 


171.6275 


172 


172 


213.2100 


213 


171.6275 


172 


173 


213.7726 


214 


173.4052 


173 


174 


214.3334 


214 


173.4052 


173 


175 


214.8924 


215 


175.1929 


175 


176 


235.4497 


215 


175.1929 


175 


177 


216.0053 


216 


176.9905 


177 


178 


216.5591 


217 


178.7982 


179 


179 


217.1113 


217 


178.7982 


179 


180 


217.6618 


218 


180.6159 


181 


181 


218.2106 


218 


180.6159 


181 


182 


218.7578 


219 


182.4437 


182 


183 


219.3033 


219 


182.4437 


182 


184 


219.8472 


220 


184.2815 


184 


185 


220.3895 


220 


184.2815 


184 


186 


220.9302 


221 


186.1293 


186 


187 


221.4693 


. 221 


186.1293 


186 


188 


222.0069 


222 


187.9872 


188 


189 


222.5429 


223 


189.8552 


190 


190 


223.0773 


223 


189.8552 


190 


191 


223.6102 


224 


191.7332 


192 


192 


224.1416 


224 


191.7332 


192 


193 


224.6715 


225 


193.6214 


194 


194 


225.1999 


225 


193.6214 


194 


195 


225.7268 


226 


195.5196 


196 


196 


226.2522 


226 


195.5196 


196 


197 


226.7762 


227 


197.4280 


197 


198 


227.2987 


227 


197.4280 


197 


199 


227.8198 


228 


199.3464 


199 


200 


228.3395 


228 


199.3464 


199 


20! 


228.8577 


229 


201.2750 


201 


202 


229.3746 


229 


201.2750 


201 


203 


229.8900 


230 


203.2137 


203 


204 


230.4041 


230 


203.2137 


203 
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205 


230.9168 


231 


205.1626 


205 


206 


231.4281 


231 


205.1626 


205 


207 


231.9381 


232 


207.1216 


207 


208 


232.4467 


232 


207.1216 


207 


209 


232.9540 


233 


209.0907 


209 


210 


233.4600 


233 


209.0907 


209 


211 


233.9647 


234 


• 211.0701 


211 


212 


234.4681 


234 


211.0701 


211 


213 


234.9701 


235 


213.0596 


213 


214 


235.4709 


235 


213.0596 


213 


215 


235.9704 


236 


• 215.0593 


215 


216 


236.4687 


236 


215.0593 


215 


217 


236.9657 


237 


217.0692 


217 


218 


237.4614 


237 


217.0692 


217 


219 


237.9559 


238 


219.0893 


219 


220 


238.4492 


238 


219.0893 


219 


221 


238.9413 


239 


221.1196 


221 


222 


239.4321 


239 


221.1196 


221 


223 


239.9217 


240 


223.1601 


223 


224 


240.4102 


240 


223.1601 


223 


225 


240.8974 


241 


225.2108 


225 


226 


241.3835 


241 


225.2108 


225 


227 


241.8684 


242 


227.2718 


227 


228 


242.3521 


242 


227.2718 


227 


229 


242.8347 


243 


229.3431 


229 


230 


243.3161 


243 


229.3431 


229 


231 


243.7964 


244 


231.4245 


231 


232 


244.2756 


244 


231.4245 


231 


233 


244.7536 


245 


233.5163 


234 


234 


245.2306 


245 


233.5163 


234 


235 


245,7064 


246 


235.6183 


236 


236 


246.1811 


246 


235.6183 


236 


237 


246.6547 


247 


237.7306 


238 


238 


247.1272 


247 


237.7306 


238 


239 


247.5986 


248 


239.8532 


240 


240 


248.0690 


248 


239.8532 


240 


241 


248.5383 


249 


241.9861 


242 


242 


249.0065 


249 


241.9861 


242 


243 


249.4737 


249 


241.9861 


242 


244 


249.9398 


250 


244.1292 


244 


245 


250.4049 


250 


244.1292 


244 


246 


250.8690 


251 


246.2827 


246 


247 


251.3320 


251 


246.2827 


246 


248 


251.7940 


252 


248.4466 


248 


249 


252.2550 


252 


248.4466 


248 


250 


252.7150 


253 


250.6207 


251 


251 


253.1740 


253 


250.6207 


251 


252 


253.6320 


254 


252.8052 


253 


253 


254.0890 


254 


252.8052 


253 


254 


254.5450 


255 


255.0000 


255 


255 


255.0000 


255 


255.0000 


255 



184 unique + 72 duplicates = 256 total 
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TABLE 2 

* = 256 
rn = 1024 
y^2.2 

S = (m-\) = 1023 



,5 f= lNm n-l)(-^—)+0.S] 

rn — I 



20 



35 



40 



50 



I 




o 




1 


o 


0.0000 


o 


0.0000 


o 


1 


82.4126 


82 


0.9890 


1 


2 


112.9342 


113 


2.0026 


2 


3 


135.7898 


136 


3.0102 


3 


4 


154.7595 


155 


4.0137 


4 


5 


171.2803 


171 


4.9820 


5 


6 


186.0796 


186 


5.9944 


6 


7 


199.5856 


200 


7.0320 


7 


8 


212.0749 


212 


7.9938 


8 


9 


223.7383 


224 


9.0232 


9 


10 


234.7141 


235 


10.0268 


10 


11 


245,1061 


245 


10.9895 


11 


12 


254.9944 


255 


12.0006 


12 


13 


264.4427 


264 


12.9522 


13 


14 


273.5023 


274 


14.0561 


14 


15 


282.2154 


282 


14.9748 


15 


16 


290.6170 


291 


16.0464 


16 


17 


298.7368 


299 


17.0330 


17 


18 


306.6000 


307 


18.0517 


18 


19 


314.2284 


314 


18.9696 


19 


20 


321.6407 


322 


20.0492 


20 


21 


328.8535 


329 


21.0206 


21 


22 


335.8813 


336 


22.0171 


22 


23 


342.7370 


343 


23.0389 


23 


24 


349.4319 


349 


23.9348 


24 


25 


355.9762 


356 


25.0037 


25 


26 


362.3794 


362 


25.9402 


26 


27 


368.6495 


369 


27.0565 


27 


28 


374.7942 


375 


28.0338 


28 


29 


380.8203 


381 


29.0301 


29 


30 


386.7341 


387 


30.0454 


30 


31 


392.5414 


393 


31.0797 


31 


32 


398.2473 


398 


31.9563 


32 


33 


403.8568 


404 


33.0258 


33 


34 


409.3743 


409 


33.9317 


34 


35 


414.8039 


415 


35.0364 


35 


36 


420.1496 


420 


35.9718 


36 


37 


425.4149 


425 


36.9207. 


37 


38 


430.603 1 


431 


38.0771 


38 


39 


435.7174 


436 


39.0557 


39 
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40 


440 76fi7 


1 


AC\ fM7£ 


40 


41 


445.7356 




*l i -UjJJ 


41 


42 


450 6448 


451 




42 


43 


455.4906 


455 


42.8982 


43 


44 


460.2753 


460 


43 9421 


44 


45 


465 0011 


465 


44.9998 


45 


46 


469.6699 


470 


46.0712 


46 


47 


474.2837 


474 


46.9382 


47 


48 


478.8443 


479 


48,0343 


48 


49 


483.3533 


483 


48.9212 


49 


50 


487.8124 


488 


50.0423 


50 


51 


492.2231 


492 


50.9492 


51 


52 


496.5869 


497 


52.0952 


52 


53 


500.9052 


501 


53.0221 


53 


54 


505.1792 


505 


53.9579 


54 


55 


509.4103 


509 


54.9026 


55 


56 


513.5996 


514 


56.0961 


56 


57 


517.7483 


518 


57.0610 


57 


58 


521.8575 


522 


58.0349 


58 


59 


525.9282 


526 


59.0177 


59 


60 


529,9615 


530 


60.0096 


60 


61 


533 9582 


534 


61 0105 


61 


62 


537.9194 


538 


62 0204 


62 


63 


541,8459 


542 


63 0394 


63 


64 


545 7386 


546 


64 0675 


64 


65 


549 5982 


550 




6S 


66 ' 


553 4255 


553 


65 RRR4 


66 


67 


557.2213 


557 


66 941 S 


67 


68 


560 9864 


561 


65? 0fH6 


68 

'Jo 


69 


564.7214 


565 


69 0749 


69 


70 


568 4270 


568 


69.8844 


70 


71 


572.1038 


572 


70.9717 


71 


72 


575.7524 


576 


72.0681 


72 


73 


579.3736 


579 


72.8965 


73 


74 


582.9677 


583 


74.0090 


74 


75 


586.5355 


587 


75.1307 


75 


76 


590.0774 


590 


75.9781 


76 


77 


593.5940 


594 


77.1159 


77 


78 


597.0858 


597 


77.9753 


78 


79 


600.5532 


601 


79.1294 


79 


80 


603.9968 


604 


80.0009 


80 


81 


607.4170 


607 


80.8777 


81 


82 


610.8142 


61! 


82.0549 


82 


83 


614.1889 


614 


82.9439 


83 


84 


617.5415 


618 


84.1373 


84 


85 


620.8724 


621 


85.0384 


85 


86 


624.1820 


624 


85.9449 


86 


87 


627.4706 


627 


86.8565 


87 


88 


630.7387 


631 


88.0802 


88 


89 
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Claims 

1. An image display system comprising: 

a source (10) of image pixel data wherein each pixel has an M-bit value within a non-linear range of values; 
5 characterized by 

first means (16), coupled to an output of said source, for converting each of said M-bit pixel values to an N- 
bit value within a linear range of values; 

10 storage means (18), having an input coupled to an output of said first converting means, for storing the N-bit 

pixel values; and 

second means (20), coupled to an output of said storage means (18) ; for converting N-bit pixel values output 
by said storage means to P-bit pixel values within a non-linear range of values prior to the application of said 
15 converted P-bit pixel data to a display means, wherein M preferably is greater than N and wherein P preferably 

is equal to or greater than N. 

2. Image display system as set forth in claim 1 , wherein said first converting means (1 6) operates in accordance with 
a gamma correction function and wherein said second converting means (20) operates in accordance with an 

20 inverse gamma correction function. 

3. Image display system as set forth in claim 1 or 2, wherein said first converting means (16) includes a first memory 
means having address inputs coupled to said M-bit pixel values, said first memory means having a plurality of 
entries each of which stores a gamma corrected pixel value. 

25 

4. Image display system according to any one of the preceding claims, wherein said second converting means (20) 
includes a second memory means having address inputs coupled to said N-bit pixel values, said second memory 
means having a plurality of entries each of which stores an inverse gamma corrected pixel value. 

30 5. Image display system according to any one of the preceding claims, wherein said first memory means and said 
second memory means are each coupled to means for storing said corrected pixel values therein. 

6. Image display system according to any one of the preceding claims, wherein said second memory means stores 
a plurality of sets of inverse gamma corrected pixel values, and wherein said storage means further stores, for 

35 each of the N-bit pixel values, a value that specifies a particular one of said plurality of sets of inverse gamma 

corrected pixel values for use in converting an associated one of said N-bit pixel values. 

7. Image display system according to any one of the preceding claims, wherein P and N are related to an expression 
E = [s(e) 1/Y /s] Y , where E is a video signal voltage and where y is a power function exponent, both of which are 

40 associated with the display means, and where the coefficient S satisfies the following relations: 

0 = INT[(P-1)(l/N-1) 1/y + 0.5] 

45 and 

1 = INT[(N-1)(0/P-1) y + 0.5], 

so where N = a number of linear input (I) levels, P = a number of gamma corrected output (O) levels, (l/N-1 ) and (Of 

P-1) are normalized input and output values, respectively, S = P-1, and INT is a truncating integer function. 

8. Image display system according to any one of the preceding claims, wherein said source means (1 0) further com- 
prises an analog-to-digital conversion means having an input for receiving the inverse gamma corrected signal 

55 from said camera and an output for expressing the inverse gamma corrected signal with M-bits. 

9. Image display system according to any one of the preceding claims and further including a digital-to-analog con- 
version means having a P-bit input coupled to an output of said second converting means. 
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10. A method of operating an image display system, comprising the steps of: 

generating image pixel data wherein each pixel has an M-bit value within a non-linear range of values; 
characterized by the further steps of: 

s converting each of the M-bit pixel values to an N-bit value within a linear range of values; 

storing the N-bit pixel values; 

converting N-bit pixel values output by said storage means to P-bit pixel values within a non-linear range of 
10 values: and 

said method preferably further comprising a step of applying the converted P-bit pixel data to a display means; 
wherein M preferably is greater than N and wherein P preferably is equal to or greater than N. 

15 

11. Method as set forth in claim 10, wherein said first step of converting operates in accordance with a gamma cor- 
rection function and wherein the second step of converting operates in accordance with an inverse gamma cor- 
rection function and said second step of converting preferably converts the N-bit pixel values in accordance with 
one of a plurality of sets of inverse gamma corrected pixel values. 

20 

12. Method as set forth in claims 10 or 11, wherein the second step of converting includes a step of specifying, for 
each N-bit pixel value, a particular one of the plurality of sets of inverse gamma corrected pixel values. 

13. Method according to any one of claims 10 to 12, wherein M and N are related to an expression E = [s(e) 1/Y /s]y, 
25 where E is a video signal voltage and where y is a power function exponent both of which are associated with the 

display means, and where the coefficient S satisfies the following relations: 

0 = INT[(P-1)(l/N-1) 1/y + 0.5] 

30 

and 

1 = INT[(N-1)(0/P-1) y +0.5], 

35 

where N = a number of linear input (I) levels, P = a number of gamma corrected output (O) levels, (l/N-1 ) and (Of 
P-1 ) are normalized input and output values, respectively, S = P-1 , and INT is a truncating integer function. 

14. Method according to any one of claims 10 to 13 and further including a step of digital-to-analog converting the P- 
40 bit bit pixel values. 

15. An image display apparatus comprising: 

a source (10) of image pixel data wherein each pixel is expressed with M-bits within a non-linear range of values; 
characterized by 

45 

means (16), coupled to an output of said source, for gamma correcting each of said M-bit pixel values to an 
N-bit value within a linear range of values; 

frame buffer means (18), having an input coupled to an output of said first converting means, for storing the 
50 gamma converted N-bit pixel values, said frame buffer means being preferably coupled to a host means op- 

erable for storing N-bit image pixel data therein; 

means (20), coupled to an output of said frame buffer means, for inverse gamma correcting N-bit pixel values 
output by said frame buffer means to P-bit pixel values; and 

55 

means, coupled to an output of said inverse gamma correcting means, for converting the P-bit pixel data to 
an analog voltage for driving a CRT-display means, wherein M preferably is greater than N and wherein P 
preferably is equal to or greater than N. 
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16. Image display apparatus as set forth in claim 15 ; wherein said first look-up table means and said second look-up 
table means are each coupled to a host means operable for storing gamma correction values and inverse gamma 
correction values, respectively, therein. 

s 17. Image display apparatus according to claim 15 or 16, wherein said second look-up table means stores a plurality 
of sets of inverse gamma corrected pixel values, and wherein said frame buffer means (1 8) further stores, for each 
of the N-bit pixel values, a value expressed with W-bits that specifies a particular one of said plurality of 
sets of inverse gamma corrected pixel values for use in converting an associated one of said N-bit pixel values. 

10 18. Image display apparatus according to any one of claims 1 5 to 1 7, wherein said frame buffer means (1 8) is comprised 
of xN+W-bit memory planes, where x is a number of color signal inputs to said CRT-display means. 



Patentanspruche 

15 

1. Ein Bildanzeigesystem, das 

eine Quelle (10) von Bilddaten enthalt, wobei jedes Pixel einen M-Bit-Wert innerhalb eines nichtlinearen Werte- 
bereiches besitzt; 
gekennzeichnet durch 

20 

erste Mittel (16), die mit einem Ausgang der Quelle verbunden sind, zur Konvertierung aller M-Bit-Pixelwerte 
in einen N-Bit-Pixelwert innerhalb eines linearen Wertebereiches; 



Speichermittel (18), die einen Eingang besitzen, der mit einem Ausgang der ersten Konvertierungsmittel ver- 
25 bunden ist, zur Speicherung der N-Bit-Pixelwerte ; und 

Speichermittel (20), die mit einem Ausgang der Speichermittel (18) verbunden sind, zur Konvertierung von N- 
Bit-Pixelwerten, die durch die Speichermittel ausgegeben werden, in P-Bit-Pixelwerte in einem nichtlinearen 
Wertebereich vor dem Anlegen der konvertierten P-Bit-Pixeldaten an ein Anzeigemittel, wobei M vorzugsweise 
30 groBer als N ist und P vorzugsweise gr63er oder gleich N ist. 

2. Anzeigesystem nach in Anspruch 1, wobei das erste Konvertierungsmittel (16) entsprechend einer Gammakor- 
rekturfunktion arbeitet und das zweite Konvertierungsmittel (20) entsprechend einer inversen Gammakorrektur- 
funktion arbeitet. 

35 

3. Anzeigesystem nach Anspruch 1 oder 2, wobei das erste Konvertierungsmittel (16) ein erstes Speichermittel ent- 
halt, dessen AdreBeingange mit den M-Bit-Pixelwerten verbunden sind, wobei das erste Speichermittel eine Viel- 
zahl von Eintragungen besitzt, von denen jede einen gammakorrigierten Pixelwert speichert. 

40 4. Bildanzeigesystem nach einem der vorhergehenden Anspriiche, wobei das zweite Konvertierungsmittel (20) ein 
zweites Speichermittel enthalt, das AdreReingange besitzt, die mit den N-Bit-Pixelwerten verbunden sind, wobei 
das zweite Speichermittel eine Vielzahl von Eintragungen besitzt, von denen jede einen inversen gammakorrigier- 
ten Pixelwert speichert. 

45 5. Bildanzeigesystem nach einem der vorhergehenden Anspruche, wobei das erste Speichermittel und das zweite 
Speichermittel jeweils mit Mitteln zur Speicherung der korrigierten Pixelwerte verbunden sind. 

6. Bildanzeigesystem nach einem der vorhergehenden Anspruche, wobei das zweite Speichermittel eine Vielzahl 
von Mengen inverser gammakorrigierter Pixelwerte speichert und wobei das Speichermittel weiterhin fur jeden 
50 der N- Bit- Pixelwerte. einen Wert speichert, der eine spezielle Menge aus der Vielzahl von Mengen von inversen 

gammakorrigierten Pixelwerten zur Verwendung bei der Konvertierung eines zugeordneten N-Bit-Pixelwertes spe- 
zifiziert. 



7. Bildanzeigesystem nach einem der vorhergehenden Anspruche, wobei P und N in Beziehung zu einem Ausdruck 
55 E = [S(e) 1/Y /S] Y stehen, wobei E eine Videosignalspannung und Y der Exponent einer Exponentialfunktion ist, die 

beide den Anzeigemitteln zugeordnet sind und wobei der Koeffizient S die folgenden Beziehungen erfullt: 
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0 = INT[(P-1)(l/N-1) ,/y + 0,5] 

und 

5 

1 = INT[(N-1)(0/P-1) y +0,5], 

wobei N eine Anzahl von linearen Eingabe- (I) Pegeln ist, P eine Anzahl von gammakorrigierten Ausgabe- (O) 
10 Pegeln ist (l/N-1) und (O/P-1) normierte Ein- bzw. Ausgabewerte sind, S gleich P-1 ist und INT eine Funktion ist, 

die ganze Zahlen durch Abschneiden erzeugt. 

8. Bildanzeigesystem nach einem der vorhergehenden Anspruche, wobei das Quellenmittel (10) weiterhin ein Ana- 
log-Digital-Konvertierungsmittel enthalt, das einen Eingang fur den Empfang des inversen gammakorrigierten Si- 

15 gnals von der Kamera und einen Ausgang zur Darstellung des inversen gammakorrigierten Signals durch N Bits 

besitzt. 

9. Bildanzeigesystem nach einem der vorhergehenden Anspruche, das weiterhin ein Digital-Analog-Konvertierungs- 
mittel besitzt das einen P-Bit-Eingang besitzt, der mit einem Ausgang des zweiten Konvertierungsmittels verbun- 

20 den ist. 

10. Verfahren zum Betrieb eines Bildanzeigesystems, das die folgenden Schritte umfaBt: 

Erzeugung von Bildpixelwertea wobei jedes Pixel einen M- Bit -Wert in einem nichtlinearen Wertebereich besitzt; 
gekennzeichnet durch die folgenden weiteren Schritte: 

25 

Konvertierung jedes M-Bit-Pixelwertes in einen N-Bit-Wert in einem linearen Wertebereich; 

Speicherung der N-Bit-Pixelwerte; 

30 Konvertierung der N-Bit-Pixelwerte, die von dem Speichermittelt ausgegeben wird, in P-Bit-Pixelwerte in einem 

nichtlinearen Wertebereich: und 

wobei die Methode vorzugsweise weiterhin einen Schritt enthalt, die konvertierten P-Bit-Pixeldaten an ein 
Anzeigemittel anzulegen; 

35 

wobei M vorzugsweise groBer als N ist und wobei P vorzugsweise groBer oder gleich N ist 

11. Verfahren nach Anspruch 10, wobei der erste Schritt der Konvertierung entsprechend einer Gammakorrekturfunk- 
tion arbeitet und der zweite Schritt der Konvertierung entsprechend einer einer inversen Gammakorrekturfunktion 

40 arbeitet und der zweite Konvertierungsschritt vorzugsweise die N-Bit-Pixelwerte entsprechend einer Menge aus 

einer Vielzahl von Mengen von inversen gammakorrigierten Pixelwerten konvertiert 

12. Verfahren nach Anspruch 10 oder 11, wobei der zweite Schritt der Konvertierung einen Schritt enthalt, fur jeden 
N-Bit-Pixelwert eine spezielle Menge aus einer Vielzahl von Mengen von inversen gammakorrigierten Pixelwerten 

45 zu spezifizieren. 

13. Verfahren nach einem der Anspruche 10 bis 12, wobei M und N in Beziehung zu einem Ausdruck E = [S(e) 1/ v/S]y 
stehen, wobei E eine Videosignalspannung und y der Exponent einer Exponentialfunktion ist, die beide den An- 
zeigemitteln zugeordnet sind und wobei der Koeffizient S die folgenden Beziehungen erfullt: 

50 

0 = INT[(P-1)(l/N-1) 1/y + 0,5] 

und 

55 

l=INT[(N-1)(0/P-1) y +0,5], 
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wobei N eine Anzahl von linearen Eingabe- (I) Pegeln ist, P eine Anzahl von gammakorrigierten Ausgabe- (O) 
Pegeln ist, (l/N-1) und (O/P-1) normierte Ein- bzw. Ausgabewerte sind, S = P-1 ist und INT eine Funktion ist : die 
ganze Zahlen durch Abschneiden erzeugt. 

s 14. Verfahren nach einem der Anspruche 10 bis 13, das weiterhin einen Schritt der Digital-Analog-Konvertierung der 
P-Bit-Pixelwerte enthalt. 

15. Bildanzeigevorrichtung, die enthalt 

eine Quelle (10) von Bildpixeldaten, wobei jedes Pixel durch M Bits in einem nichtlinearen Wertebereich ausge- 
10 drucktwird; 

gekennzeichnet durch 

Mittel (16) ; die mit einem Ausgang der Quelle verbunden sind, zur Gammakorrektur aller M-Bit-Pixelwerte in 
einen N-Bit-Wert innerhalb eines linearen Wertebereiches; 

15 

Rasterpuffermittel (18), die einen Eingang besitzen, der mit einem Ausgang der ersten Konvertierungsmittel 
verbunden ist, zur Speicherung der gammakonvertierten N-Bit-Pixelwerte, wobei das Rasterpuffermittel vor- 
zugsweise mit einem Hostrechnermittel verbunden ist, das geeignet ist, die N-Bit-Bildpixeldaten dort zu spei- 
chern; 

20 

Mittel (20), die mit einem Ausgang des Rasterpuffermittels (1 8) verbunden sind, zur inversen Gammakorrektur 
der N-Bit-Pixelwerte, die durch das Rasterpuffermittel ausgegeben werden, on P-Bit-Pixelwerte ; und 

Mittel, die mit einem Ausgang der inversen Gammakorrekturmittel verbunden sind, zur Konvertierung der P- 
25 Bit-Pixeldaten in eine analoge spannung zur Steuerung eines CRT-Anzeigemittels, wobei M vorzugsweise 

groRer als N. und P vorzugsweise grofBer oder gleich N ist. 

16. Bildanzeigevorrichtung nach Anspruch 15 dargestellt, wobei das erste Nachschlagtabellenmittel und das zweite 
Nachschlagtabellenmittel jeweils mit einem Hostrechnermittel verbunden sind, das zur Speicherung der Gamma- 

30 korrekturwerte und der inversen Gammakorrekturwerte geeignet ist. 

17. Bildanzeigevorrichtung entsprechend Anspruch 15 oder 16, wobei das zweite Nachschlagtabellenmittel eine Viel- 
zahl von Mengen von inversen gammakorrigierten Pixelwerten speichert und das Rasterpuffermittel (18) weiterhin 
fur jeden der N-Bit-Pixelwerte einen mit W Bit ausgedruckten Wert speichert, der eine spezielle Menge aus der 

35 Vielzahl von Mengen inverser gammakorrigierter Pixelwerte spezifiziert, zur Verwendung bei der Konvertierung 

eines zugeordneten N-Bit-Pixelwertes. 

18. Bildanzeigevorrichtung nach einem der Anspruche 15 bis 17, wobei das Rasterpuffermittel (18) aus xN+W-Bit- 
Speicherebenen besteht, wobei x eine Anzahl von Farbsignaleingangen des CRT-Anzeigemittels ist. 

40 

Revendications 

1. Systeme d'affichage d'image comprenant: 

45 une source (10) de donnees de pixel d'image dans laquelle chaque pixel a une valeur de M bits dans une 

plage non lineaire de valeurs; 
caracterise par 

un premier moyen (16), couple a une sortie de ladite source, pour convertir chacune desdites valeurs de pixel 
50 a M bits, en une valeur a N bits dans une plage lineaire de valeurs; 

un moyen de stockage (18), comportant une entree couplee a une sortie dudit premier moyen de conversion, 
pour le stockage des valeurs de pixel a N bits; et 

un second moyen (20), couple a une sortie dudit moyen de stockage (18), pour convertir les valeurs de pixel 
a N bits delivrees par ledit moyen de stockage en valeurs de pixel a P bits dans une plage non lineaire de 
55 valeurs avant I'application desdites donnees de pixel a P bits converties a un moyen d'affichage, dans lequel 

M est de preference superieur a N et dans lequel P est de preference egal ou superieur a N. 

2. Systeme d'affichage d'image selon la revendication 1, dans lequel ledit premier moyen de conversion (16) fonc- 
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tionne conformement a une fonction de correction du gamma et dans lequel ledit second moyen de conversion 
(20) fonctionne conformement a une tonction inverse de correction du gamma. 

3. Systeme d'affichage d'image selon la revendication 1 ou 2, dans lequel ledit premier moyen de conversion (16) 
comporte un premier moyen formant memoire ayant des entrees d'adresse couplees auxdites valeurs de pixel a 
M bits, ledit moyen formant memoire ayant une pluralite d'entrees chacune d'elles stockant une valeur de pixel 
corrigee en gamma. 

4. Systeme d'affichage d'image selon I'une quelconque des revendications precedentes, dans lequel ledit second 
moyen de conversion (20) comporte un second moyen formant memoire ayant des entrees d'adresse couplees 
auxdites valeurs de pixel a N bits, ledit second moyen formant memoire ayant une pluralite d'entrees chacune 
d'elles stockant une valeur de pixel corrigee en gamma inverse. 

5. Systeme d'affichage d'image selon I'une quelconque des revendications precedentes, dans lequel ledit premier 
moyen formant memoire et ledit second moyen formant memoire sont couples chacun a un moyen pour stocker 
lesdites valeurs de pixel corrigees. 

6. Systeme d'affichage d'image selon I'une quelconque des revendications precedentes, dans lequel ledit second 
moyen formant memoire stocke une pluralite de series de valeurs de pixel corrigees en gamma inverses, et dans 
lequel ledit moyen de stockage stocke en outre, pour chacune des valeurs de pixel a N bits, une valeur qui specifie 
une serie particuliere parmi ladite pluralite de series de valeurs de pixel corrigees en gamma inverses destinees 
a etre utilisees dans la conversion d'une valeur associee parmi lesdites valeurs de pixel a N bits. 

7. Systeme d'affichage d'image selon I'une quelconque des revendications precedentes, dans lequel P et N sont 
relatifs a une expression E = [s(e) 1/Y / S] Y , ou E est une tension de signal video et ou y est un exposant de fonction 
de puissance, les deux etant associes au moyen d'affichage, et ou le coefficient S satisfait aux relations suivantes: 

0 = INT [(P - 1) (l/N - 1) 1/Y +0,5] 

et 

1 = INT [(N - 1) (O/P - 1) Y + 0,5], 

ou N = le nombre de niveaux d'entree lineaires (I), P = le nombre de niveaux de sorties corrigees en gamma (O), 
(I/ N-1 ) et (Of P - 1 ) sont des valeurs normalisees d'entree et de sortie, respectivement S = P - 1 , et INT est une 
fonction entiere de troncature. 

8. Systeme d'affichage d'image selon I'une quelconque des revendications precedentes, dans lequel ledit moyen 
(10) formant source comprend en outre un moyen de conversion analogique-numerique ayant une entree pour 
recevoir le signal corrige en gamma inverse en provenance de ladite camera et une sortie destinee a exprimer le 
signal corrige en gamma inverse avec M bits. 

9. Systeme d'affichage d'image selon I'une quelconque des revendications precedentes, et comportant en outre un 
moyen de conversion numerique-analogique ayant une entree a P bits couplee a une sortie dudit second moyen 
de conversion. 

10. Procede de fonctionnement d'un systeme d'affichage d'image comprenant les etapes suivantes: generation de 
donnees de pixel d'image dans lesquelles chaque pixel a une valeur a M bits dans une plage non lineaire de valeurs; 

caracterise par les etapes supplementaires suivantes: 

conversion de chacune des valeurs de pixel a M bits en une valeur a N bits dans une plage lineaire de valeurs; 
stockage des valeurs de pixel a N bits; 

conversion des valeurs de pixel a N bits delivrees par ledit moyen de stockage en valeurs de pixel a P bits 
dans une plage non lineaire de valeurs; et 

ledit procede comprenant en outre et de preference une etape d'application desdites donnees de pixel a P 
bits converties a un moyen d'affichage; 
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dans lequel M est de preference superieur a N et dans lequel P est de preference egal ou superieur a N. 

11. Procede selon la revendication 10, dans lequel ladite premiere etape de conversion fonctionne conformement a 
une fonction de correction du gamma et dans lequel la seconde etape de conversion fonctionne conformement a 

s une fonction de correction du gamma inverse et ladite seconde etape de conversion convertit de preference les 

valeurs de pixel a N bits en fonction de Tune d'une pluralite de series de valeurs de pixel corrigees en gamma 
inverses. 

12. Procede selon les revendications 10 ou 11 , dans lequel la seconde etape de conversion comporte une etape de 
10 specification, pour chaque valeur de pixel a N bits, d'une serie particuliere parmi la pluralite de series de valeurs 

de pixel corrigees en gamma inverses. 

13. Procede selon Tune quelconque des revendications 10 a 12, dans lequel M et N sont relatifs a une expression E 
= [S(e) 1/Y / S] Y , ou E est une tension de signal video et ou y est un exposant de fonction de puissance, les deux 

is etant associes au moyen d'affichage, et ou le coefficient S satisfait aux relations suivantes: 

0 = INT[(P-1)(l/N-1) 1/Y +0,5] 

20 et 

1 = INT [(N-1)(O/P-1) Y + 0,5], 

25 ou N = le nombre de niveaux d'entree lineaires (I), P = le nombre de niveaux de sorties corrigees en gamma (O), 

(I/ N-1 ) et (O/ P - 1 ) sont des valeurs normalisees d'entree et de sortie, respectivemenl S = P - 1 , et INT est une 
fonction entiere de troncature. 

14. Procede selon Tune quelconque des revendications 10 a 13 et comportant en outre une etape de conversion 
30 numerique-analogique convertissant les valeurs de pixel a P bits. 

15. Appareil d'affichage d'image comprenant: 

une source (10) de donnees de pixel d'image dans laquelle chaque pixel est exprime par M bits dans une 
plage non lineaire de valeurs; 
35 caracterise par 

un moyen (16), couple a une sortie de ladite source, pour la correction du gamma de chacune des valeurs de 
pixel a M bits en une valeur a N bits dans une plage lineaire de valeurs; 

un moyen (18) formant tampon de trame, ayant une entree couplee a une sortie dudit premier moyen de 
40 conversion, pour le stockage des valeurs de pixel a N bits converties en gamma; ledit moyen formant tampon 

de trame etant de preference couple a un moyen formant note pouvant fonctionner pour le stockage des 
donnees de pixel a N bits; 

un moyen (20), couple a une sortie dudit moyen formant tampon de trame, pour une correction inverse du 
gamma des valeurs de pixel a N bits delivrees par ledit moyen formant tampon de trame en valeurs de pixel 
45 a P bits; et 

un moyen, couple a une sortie dudit moyen de correction inverse du gamma, pour convertir les donnees de 
pixel a P bits en une tension analogique pour la commande d'un moyen d'affichage a CRT, dans lequel M est 
de preference superieur a N et dans lequel P est de preference egal ou superieur a N. 

50 16. Appareil d'affichage d'image selon la revendication 15, dans lequel ledit premier moyen formant table de consul- 
tation et ledit second moyen formant table de consultation sont couples chacun a un moyen formant note pouvant 
fonctionner pour stocker des valeurs de correction du gamma et des valeurs de correction inverse du gamma, 
respectivement. 

55 17. Appareil d'affichage d'image selon la revendication 15 ou 16, dans lequel ledit second moyen formant table de 
consultation stocke une pluralite de series de valeurs de pixel corrigees en gamma inverses, et dans lequel ledit 
moyen (18) formant tampon de trame stocke en outre, pour chacune des valeurs de pixel a N bits, une valeur 
exprimee par W bits qui specifie une serie particuliere de ladite pluralite de series de valeurs de pixel corrigees 
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en gamma inverses destinees a etre utilisees dans la conversion d'une valeur associee desdites valeurs de pixel 
a N bits. 

18. Appareil d'affichage d'image selon Tune quelconque des revendications 15 a 17, dans lequel ledit moyen (18) 
formant tampon de trame est constitue de plans de memoire de xN + W - bits, ou x est le nombre d'entrees du 
signal de couleur dans ledit moyen d'affichage a CRT. 
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